Objective: To test the feasibility of collecting and integrating data on the gut microbiome into one of the most comprehensive longitudinal studies of aging and health, the Wisconsin Longitudinal Study (WLS). The long-term goal of this integration is to clarify the contribution of social conditions in shaping the composition of the gut microbiota late in life. Research on the microbiome, which is considered to be of parallel importance to human health as the human genome, has been hindered by human studies with nonrandomly selected samples and with limited data on social conditions over the life course. Methods: No existing population-based longitudinal study had collected fecal specimens. Consequently, we created an inperson protocol to collect stool specimens from a subgroup of WLS participants. Results: We collected 429 stool specimens, yielding a 74% response rate and one of the largest human samples to date. Discussion: The addition of data on the gut microbiome to the WLS-and to other population based longitudinal studies of aging-is feasible, under the right conditions, and can generate innovative research on the relationship between social conditions and the gut microbiome.
There has been a rapid acceleration of high-quality longitudinal population-based studies integrating biological data into their data collection (Crimmins, Kim, & Vasunilashorn, 2010) . Studies such as the National Social Life, Health and Aging Project, the Health and Retirement Study, and the Study of Midlife in the United States, have included data ranging from markers for inflammatory processes (e.g., C-Reactive Protein) diabetes (HbA1c) and genetic polymorphisms to objective measures of hypertension, physical functioning, and cognition.
These data have substantially improved social science research on health. First, they have led to better measurement. Although many self-reports of health conditions are reliable and valid measures, others-such as diabetes and hypertension-have been shown to include more error (Baker, Stabile, & Deri, 2004; Barcellos, Goldman, & Smith, 2012; Goldman, Lin, Weinstein, & Lin, 2003; Johnston, Propper, & Shields, 2009) ; this led to underestimated estimates of the influence of education on health (Goldman et al., 2003; Johnston et al., 2009; Smith, 2007) . Second, biomarker data has helped clarify underlying biological processes that link social conditions to health and mortality. Research on inflammatory processes and gene-environment interactions fits into this latter category (Boardman et al., 2012; Cook & Fletcher, 2015; Donoho, Crimmins, & Seeman, 2013; Friedman & Herd, 2010; Herd, Karraker, & Friedman, 2012; Ranjit et al., 2007) . In general, biomarker data has rapidly expanded our understanding of how social factors get "under the skin" to influence health and mortality (Crimmins et al., 2010) .
We detail the inclusion of a new biological markerthe gut microbiome-recently added to the Wisconsin Longitudinal Study (WLS) . The WLS is a randomly selected sample of one in three Wisconsin High School graduates from the class of 1957 who have been tracked for nearly 60 years. The inclusion of data on the gut microbiome into the WLS-and other population based longitudinal studies-can help advance our understanding of how social conditions, such as early life conditions, educational attainment and social relationships, influence health and mortality across the life course. Importantly, because this is the first effort to include these data in a longitudinal population-based study focused on social conditions, health, and aging, we provide detailed guidance on the survey methods employed to collect fecal specimens.
The Gut Microbiome
What is the gut microbiome? The human microbiome is now considered our "second genome" with potentially parallel importance to the genome for shaping human health (Grice & Segre, 2012) . We are an amalgamation of cells, both human and microbial, and there is growing evidence that the trillions of microbes that inhabit the human body shape human health (Clemente, Ursell, Parfrey, & Knight, 2012) . Currently, most of the research is focused on the gut, which is where the largest population of microbes in the human body resides. Evidence implicates the gut microbiome in metabolic and inflammatory diseases including type-1 and type-2 diabetes, inflammatory bowel disease, obesity, cardiovascular disease, and cancer (for a review, see . Although most existing work has focused on how the gut microbiome affects immune functioning, its role in processing nutrients from our diets and how its composition affects metabolic disorders, there is broader and growing interest in how it influences other inflammatory processes and even neurological functioning (Backhed, Manchester, Semenkovich, & Gordon, 2007; Claesson et al., 2012; Cryan & Dinan, 2012; Ridaura et al., 2013) .
What makes the gut microbiome distinct from the human genome-and potentially of significant interest to social scientists and population health researchers-is its plasticity (Lozupone, Stombaugh, Gordon, Jansson, & Knight, 2012) . Starting immediately after birth, microbes from the environment colonize the gut in a rapid fashion over 3 years, shaping the development and education of the immune system. It then reaches a more stable configuration, where changes in the composition (i.e., who's there) changes slowly, though changes in abundance (i.e., the relative composition) changes more quickly (Yatsunenko et al., 2012) ; Faith and colleagues (2013) found that 60% of the strains present in an individual's gut are detected over a 5-year period .
The microbiome, unlike our genome, may be a more easily alterable mechanism to improve human health. For example, the recent use of transplanted fecal samples to repopulate patients' microbiota is proving strikingly effective at curing recurrent Clostridium difficile infections, which kill nearly 14,000 individuals a year (Brandt et al., 2012; Lessa et al., 2015) . That said, while enthusiasm is high, there are few other current applications. Indeed, the degree to which the microbiome is alterable-especially with the goal of improving health-is still subject to debate. Though changes, such as modifying one's diet, can alter the gut microbiome in the course of a week (David et al., 2014) , the permanence of these changes is less clear. For example, while pre and probiotics alter the gut microbiome, it reverts to stasis once these supplements are discontinued (Sánchez et al., 2016) .
It is already clear that the "environment" strongly influences the composition of the gut microbiome; what is less clear is how social conditions influence its composition. The definition of "environment" has been narrowly drawn in existing research, focusing mostly on nutrition. Yet, the world around us-from the people we interact with to the homes we live in and the environments in which we workis comprised of large and varied microbes (Adams, Bateman, Bik, & Meadow, 2015; Stilling, Bordenstein, Dinan, & Cryan, 2014) . Mostly because of a reliance on animal models, however, we know considerably less regarding how these external microbial communities, from our social communities to the physical environments in which we live, shape the human gut microbiome (Adams et al., 2015) .
To what extent are these microbes "contagious"? Preliminary evidence in human models is limited-but promising. One study found that the gut microbial communities of older adults living in the community, as compared to those living in an institution, varied significantly-with more limited variation in the gut microbial communities among those living in an institution (Claesson et al., 2012) . A study comparing healthy children and adults in rural Malawi, the Amazonas of Venezuela, and urban U.S. residents, found substantial differences in the diversity of the gut microbiome between the U.S. sample and the Malawian and Venezuelan samples; the U.S. sample had far less variation in the gut microbial communities than did the other two samples (Yatsunenko et al., 2012) .
For social scientists and population health researchers, its early life origins and ongoing plasticity across the life course hint at the intriguing possibility that the gut microbiome may be a mediating biological pathway between social conditions and health and mortality. For example, because the first 3 years of life are a critical period for the gut microbiome's development, this might explain research showing that early life influences later life health and mortality (Galobardes, Smith, & Lynch, 2006; Hayward & Gorman, 2004; Palloni, 2006) . Educational attainment influences health and mortality via numerous factors, from nutrition to housing and employment, which in turn may, or in the case of nutrition do, influence the gut microbiome (Hayward, Hummer, & Sasson, 2015; Masters, Link, & Phelan, 2015) . Social relationships, especially social isolation, exert a sustained and negative influence on health and mortality (for reviews, see House, Landis, & Umberson, 1988; Umberson, Crosnoe, & Reczek, 2010) . There is evidence, from animal models, that social isolation or maternal neglect can influence disturbances of the gut microbiota-at least in part as a function of stress (Bailey & Coe, 1999; O'Mahony et al., 2009; Bailey et al., 2011) . Is there reduced diversity in microbial communities in the gut as a function of limited social interactions, which reduces exposure to more diverse microbial communities? These are just a few key questions that can be explored in the WLS but also similar longitudinal life course studies.
The Importance of Adding Gut Microbiome Data to Longitudinal Population-Based Studies
Although the prior questions are of central interest to social scientists, there is little opportunity to explore them given current data limitations. Human gut microbiome studies, which are small in number to begin with, have been limited by small, nonrandomly selected, samples. For example, the National Institutes of Health directed and funded initiative to map the "healthy" human microbiota in 2012 was conducted on a single nonrandom sample of 256 individuals from St. Louis and Houston, most of whom were researchers and students (Human Microbiome Project Consortium, 2012) .
Existing human studies are also limited by a lack of environmental data of interest to social scientists. No existing study has data on the human microbiota linked to longitudinal data on the broad array of social factors that may play a role in determining the make-up of the human microbiota. Moreover, there is limited data on older adults. There is only one other microbiota study of older adults; a sample of 178 older adults in Ireland, which, importantly, found that the elderly have greater interindividual variation in their GI microbiota than do younger adults (Claesson et al., 2012) .
Methods: A Pilot Project With the WLS
To address the outlined data limitations outlined, we completed a pilot project with the WLS. In part, this would demonstrate the feasibility of integrating data on the gut microbiome into population-based studies. The goal of this section is to detail how to collect stool specimens in a longitudinal population-based study.
Description of WLS
The National Research Council has repeatedly pointed to WLS as one of the best life course longitudinal studies of aging, highlighting its duration, the sibling design, the depth and breadth of the data, and its innovative development of biological data (National Research Council, 2001; National Research Council, 2013) . WLS is based on a one-third sample of all 1957 Wisconsin high-school graduates (N = 10,317) and a sibling of these graduates (Herd, Carr, & Roan, 2014) . Roughly three-quarters of Wisconsin youth in this cohort graduated from high school (Sewell and Hauser, 1975) . The graduate respondents were originally empaneled with an in-person questionnaire at age 18 (1957), which was followed with data collection in 1964, 1975, 1992, 2004, and 2011 . Overall, the sample reflects two-third of the broader cohort (U.S. Bureau of the Census, 2000). The age of the graduate respondents during data collection for the gut microbiome pilot was 76. Response rates are high-in recent years ~80%.
The content of WLS surveys has continuously changed to reflect the participants' life course: education focused the initial data collection, familial, and career outcomes received greater attention from respondents in young adulthood and midlife and later rounds increased attention to health, cognitive functioning, psychological well-being, nonwork activities, caregiving, bereavement, social support, and end-of-life preparations. In-person interviews (2011) included biometric data: saliva for genetic data, grip strength, lung function, gait speed, mobility, and an array of cognitive performance measures. Data, documentation, and other material are accessible at http://www.ssc.wisc. edu/wlsresearch/.
Sample: Criteria for Selection From the WLS and Fielding
A total of 500 cases were randomly drawn from a constrained sample based on the following criteria: (a) they had participated in the 2011 interviews, (b) they lived in one of 10 counties in Wisconsin that included both northern rural counties and southern more urban counties, and (c) they were part of a sibling pair. The sample was fielded in three batches, 1 month apart, between November 2014 and April 2015.
Required Data Collection
We planned to collect full stool specimens, rather than partial samples, to allow for conducting animal model experiments and examining variance in the composition of the gut microbiome across populations. We also required dietary data, from the prior three days, prescription use (e.g., antibiotic use), and some additional health data. The instrument is available here: http://www.ssc.wisc.edu/ wlsresearch/.
The development efforts for collecting the samples focused on three challenges: (a) motivating the request for the stool sample, (b) developing the material to collect, transport, and store the samples, and (c) designing a field protocol that maximized response rates.
Developing the Request: Focus Groups
Because of the novelty of stool sample collection, we were concerned about the impact on our sample, as well basic questions regarding how to do it. Consequently, we conducted a series of focus groups in the summer of 2014 to assess WLS sample members' reactions to the proposed procedures for collecting the samples, from the material to the incentive. To increase participation, we also wanted information on how to reduce the burden of this request and to increase the participants' familiarity with, and interest in, research about the microbiome. The three focus groups (men, women, and couples) included 25 participants (five of whom were spouses of a WLS participant) recruited from among 236 WLS participants living within 30 miles of Madison, WI.
The findings from the focus groups guided the data collection protocol. Most surprising, participants were not offended by the request for a stool sample, likely because they were familiar with them in a medical context, although the whole specimen approach that we employed was new to them. They were more comfortable with this approach because it was easier and more sanitary than requiring them to subsample their stool and place it into a small container. Moreover, participants were interested in the science of the gut microbiome and wanted to help advance that science.
Infrastructure: Collecting, Shipping, and Receiving the Stool Specimens
Drawing on the focus group findings, we selected supplies and procedures for collecting and shipping the stool specimens that would function well for older adults. In particular, we were sensitive to how health problems could impede participation (e.g., vision issues or arthritis that would make certain packing materials inaccessible). Thus, the design reflected the following goals: (a) Ensure all directions were easy to read and interpret; (b) Select a kit that could be used easily and cleanly; (c) Design procedures that limited the number of steps, and their complexity, for collecting and packing the sample; (iv) Minimize the refrigerator space needed for cooling the sample after collection; (v) Include back-up cooling methods to ensure the integrity of the stool sample between collection and its delivery to University of Wisconsin Survey Center (UWSC); (vi) Keep the total package weight under 15 pounds. We also decided on a $75 incentive based on participant reactions in the focus groups-combined with information on incentive size from comparable studies (Jaszczak, Lundeen, & Smith, 2009) .
Existing stool collection kits did not comply with these criteria ( Figure 1b) ; so, we modified an existing kit. The final collection kit included a plastic frame that sits between the rim of the toilet and the toilet seat, a container that sits within the frame, and a sturdy lid, which proved critical given the age of our participants (Figure 1a ). For example, participants with physical functioning issues would not be able to hold the kit while producing the specimen. After the specimen was provided, participants simply snapped on the lid and placed the container into a biohazard specimen bag.
To maintain specimen integrity, it must remain within a 32-46 degrees Fahrenheit temperature range, for a period of up to 48 hr, before it is flash frozen. Prior studies demonstrated that a 48-hr period, where samples remained at these temperatures, would not lead to a significant extinction of microbes and negatively affect the 16S sequencing (Choo, Leong, & Rogers, 2015; Lauber, Zhou, Gordon, Knight, & Fierer, 2010; Tedjo et al., 2015) . Thus, we needed to maintain a "cold chain," the procedures for maintaining a stable temperature for the specimen. Participants would either store the sample in the refrigerator-or a few participants preferred to store it in a Nanocool box-before it was collected by the interviewer.
To ensure the integrity of the specimens, UWSC ran a series of tests, using varying packaging approaches, with mock stool sample material heated to human body temperature. These tests led us to select the Nanocool insulated shipping box with cooling cartridge and customized foam insert (Figure 2a and b) , supplemented with a single ice pack (Figure 2c ), for the delivery process. The ice pack allowed for the sample to be cooled immediately, stabilizing the temperature until the activation of the cooling cartridge lowered the temperature of the overall package. We chose to have the interviewer pick up the sample because having the respondent ship items would add uncertainty to the cold chain.
Samples were delivered to UWSC; someone was available at any day or time to quickly process samples. The University of Wisconsin's Office of Biosafety determined that handling the specimens required practices at "Biosafety Level 2": a ventilated room with adequate airflow, an eyewash station, and lab apparel for all staff. In consultation with the Office of Biosafety, UWSC developed an intake protocol ensuring safe handling of stool sample containers. A super freezer capable of −80°C, with CO2 back-up system in the event of power failure, was installed to hold samples under certain circumstances (Figure 3 ).
Field Protocol
The field included a face-to-face visit, which likely increased response rates, to hand over the kit and other materials and explain their use. Interviewers received a week of training that included a final certification to demonstrate mastery of the field protocol. They were also provided with information on the microbiome-both to increase their own enthusiasm but also to help them answer participants' questions.
Participants received an advance letter describing the microbiome pilot project, its relationship to WLS, and the $75 incentive to be provided after the provision of the sample. A few days after the letter was mailed, interviewers requested an appointment for the Handover Visit by phone or (after two failed call attempts) during a surprise doorstep visit. An appointment was then made to return to fully explain the effort and ask for participation.
During the Handover Visit, the interviewer explained the study and incentive and obtained consent. They provided the stool collection kit and instructions for refrigerating the specimen. For the 16 participants unwilling to store the stool sample in their refrigerator, the interviewer provided a NanoCool box with instructions for how to activate its cooling system. The interviewer also provided an Self Administered Quetionnaire (SAQ) about topics relevant to the participant's gut microbiome with a $5 preincentive attached. The interviewer then asked the participant to call the interviewer immediately after producing the stool sample to schedule a return visit (within 24 hr).
Interviewers followed up with participants who did not call within 3 days after the Handover Visit.
During the return visit, the interviewer retrieved the stool sample from the participant, activated the cooling system on the NanoCool box, added a cold gel pack, and the study materials, including the sample and the completed SAQ. The participant was provided $75 incentive check.
Immediately after the return visit, the field interviewer drove to the nearest FedEx Store and used a prepaid label to ship the NanoCool to UWSC headquarters. One NanoCool box was used for each participant; the box could hold the stool specimen, SAQ, and consent form. Interviewers logged the location of the Fed Ex Store, the time of the drop-off and the tracking number in UWSC's survey instrument for monitoring at headquarters. Some interviewers drove the materials directly to UWSC.
Sample Storage
All samples proved to be viable; they remained cooled during transfer but not frozen (Sergeant, Constantinidou, Cogan, Penn, & Pallen, 2012) . A major problem affecting sample quality and viability in the process of shipping/storage is caused by multiple freeze/thawing cycles. By shipping the samples refrigerated but not frozen, we ensured that samples are only frozen and thawed once. This is key to preserve sample integrity for DNA analysis and viability (Sergeant et al., 2012) . Additionally, refrigerated fecal samples can be easily aliquoted prior to freezing allowing multiple analyses from the same specimen.
Upon receipt, samples were flash frozen and stored immediately at −80°C. What is the evidence on freezing prior to genotyping? Fouhy and colleagues (2015) demonstrate that there was no difference in the quality of samples stored at −80°C before DNA extraction compared to those where DNA was extracted immediately from a fresh Intake lab area at UWSC headquarters which contained a lockable super freezer capable of −80°C with a CO 2 backup system in case of a power failure, a lockable refrigerator, a steel work table, and a dedicated computer workstation. Not pictured here is the adjacent eyewash station and steel lockers for lab coats and staff safety glasses.
sample. Moreover, a study, in which a frozen human sample was used to colonize germ-free mice, showed that all bacterial phyla and 85% of genus-level taxa detected in the donor sample were detected in the recipient mouse feces. Of the ten genus-level taxa that were missing from the humanized mice, one was found at 0.1% relative abundance in the original donor sample and rest were all at low abundance in the sample (0.006% on average) (Turnbaugh et al., 2009 ). These studies provide assurance that our process of freezing the samples did not meaningfully alter the microbial composition of the sample. We were able to complete 16S ribosomal (rRNA) sequencing on all samples. This is a common sequencing method, which allows for the characterization of the microbial composition of the gut microbiome.
Results: Final Response Rates
Of the 500 person sample frame, 329 participants completed stool specimens, for a response rate of 68.7%. Participants out of state at a winter home were out of the range for this effort; when they are removed, the response rate is 75%. Of this, we collected 142 sibling pairs. In addition, 100 spouses of the participants' known spouses, who were present at the time of the visit, were asked and chose to participate by providing a stool specimen and completing the SAQ. Out of the 500 selected for contact, 115 previous WLS participants refused for themselves, and an additional eight households refused. At the time of data collection, the mean age of the graduates was age 76, compared to age 75 for their spouses, age 74 for their siblings, and age 73 for the spouses of the siblings.
How select was the pilot sample relative to broader WLS sample and to those who refused to participate in the pilot? Table 1 provides a breakdown of descriptive differences across these groups. In general, there were no meaningful differences between the pilot sample frame (the last column) and the wider WLS sample (the first column). There were, however, some differences between those who agreed to participate in the pilot versus those who refused. Those who refused had slightly lower IQs, lower educational levels, slightly higher BMI, and higher rates of obesity, though they were not statistically significant differences. The largest difference was that women were significantly more likely to refuse. There were no, however, differences in self-rated health or in the average number of chronic conditions reported by participants. These results should be understood in the context that we chose not to pursue refusal conversion. Thus, we could have produced a slightly higher response rate, as well as reduced some of the differences we see in Table 1 . In prior WLS refusal conversion efforts, conversion rates were between 20% and 35%.
Discussion
We believe the integration of data on the gut microbiome into population-based studies can help social and population health scientists better understand the biological mediators linking social conditions to health and mortality. Though considered of the same scientific importance as the human genome, unlike the human genome (as opposed to the epigenome), the microbiome is not fixed and is-in large part-a function of environment. This makes the expansion of biodemography to include research on the microbiome a logical next step.
The inclusion of the gut microbiome in the broader field of biodemography presents a unique opportunity. The point of its inclusion is not to improve measures of a biological marker of disease, such as Hb1Ac as a marker for diabetes but rather to provide novel information on the specific biological pathways through which life course social conditions influence morbidity and mortality. Moreover, there is a rapidly expanding body of work by microbiologists-and a new 121 million dollar National Microbiome Initiativeexploring how "environments" shape the composition of the gut microbiome. To date, however, few social scientists have been involved in helping shape the discussion regarding how to conceptualize the "environment" or to develop plausible hypotheses as to how social conditions and processes might shape the gut microbiome. What we already know regarding the influence of early life conditions, socioeconomic status, and social support on health and mortality-areas of profound importance for those who study the influence of social conditions on health-provides a starting place for exploring how social conditions influence the gut microbiome.
A key opportunity for the integration of these data into population-based designs is to characterize differences in the gut microbiome across different populations. Indeed, preliminary analyses with these data are providing evidence that the composition of the gut microbiome reflects early life environments, varies by educational attainment, and is influenced by social relationships. In addition to these correlational analyses, these data will also allow us to test for causal relationships. Microbiologists use animal models to perform fecal transplants-drawn from human donors-to conduct controlled experiments. For example, recent studies have demonstrated that transplanting stool specimens from obese human participants to germ free mice causes obesity (Zhao, 2013) . In short, the germ free, genetically identical mice that were fed the same diets and exercised the same but varied in terms of receiving transplants from obese or lean human subjects, then in turn, varied in terms of whether the mice became obese or lean (Ridaura et al., 2013) . In the context of populationbased data, microbiologists would have the opportunity to test causal relationships between social conditions, the gut microbiome, and heath outcomes. For example, after testing whether the composition of the gut microbiome varies by educational attainment, we can employ fecal transplants in experimental mice models to test whether these differences influence mortality.
But while we believe the scientific importance is clear, the feasibility of collecting stool specimens in the context of a population based longitudinal study is another matter. Consequently, a central goal of this WLS data collection pilot was to evaluate feasibility. An approximately 70% response rate, without refusal conversion, clearly demonstrates feasibility. But our experience also provides some lessons and caveats to this kind of data collection.
First, in addition to the generally well-documented need for a financial incentive, we found that it was critical for participants to understand why we wanted these data (Singer & Ye, 2013) . Once informed of the scientific value-via the presentation of accessible media coverage of the microbiome-participants were more open to participating. This also required educating survey interviewers so that they were able to answer basic questions from participants, as well as to convey enthusiasm about the value of the data collection.
Second, while there are other ways to collect stool specimens (via small scoops or swabs) our participants seemed to prefer an approach that did not require them to directly contact the specimen. The scientific advantage of this approach is that it allowed for subsequent mouse model experiments to be performed. Nonetheless, this approach required maintaining a cold chain to ensure sample integrity, which substantially increased costs by requiring substantial analysis of the process, testing of alternatives, and in-person data collection. Indeed, we estimate that the per case field cost is approximately $720. That said, the in-person data collection also increased response rates.
Third, the focus on older adults produced certain challenges but also advantages. Participants were used to providing stool specimens for medical tests, which are more common among older adults. Indeed, our participants were just as amenable to providing stool specimens, as they were to providing saliva. It is not clear that younger participants would exhibit the same comfort level. The specific challenge for older adults was generating materials that took into account frailty issues such as a limited ability to lift or issues with manual dexterity (e.g., removing or replacing container lids).
Fourth, we did see some differences between participants and those who refused to participate. As common to nearly all surveys, those with higher educational attainment and higher IQs were more willing to participate. Those who were obese were slightly less likely to participate, though we did not see meaningful differences by BMI or health. There is evidence that nonresponse is higher among obese individuals (Nohr et al., 2006) . The largest difference was that women were less likely to participate. At older ages, nonresponse does tend to be higher among women as compared to men (Hawkley, Kocherginsky, Wong, Kim, & Cagney, 2014; Kjøller & Thoning, 2005) . This gender difference also emerged in the WLS saliva sample data collection effort (Dykema et al., 2016) . Moreover, there is evidence from studies focused on medical tests that women are more uncomfortable providing fecal samples (Osborne et al., 2012) . Women are more likely to be embarrassed and concerned about the cleanliness issues. Future studies should consider ways to address and offset the "embarrassment" element of the data collection, especially for women.
Due to high response rates, however, the overall pilot sample was quite similar to our broader WLS sample.
We should note that the WLS is known for high response rates compared to most other large longitudinal studies of its duration. That said, our response rates for saliva and requests for Medicare waivers were quite similar to the response rates in projects like the Health and Retirement Study. Moreover, studies like the National Social Life Health and Aging Project (NSHAP) had similar response rates for vaginal swabs and urine collection as we had for fecal samples (Jaszczak et al., 2009) . Thus, while the more cooperative nature of WLS participants certainly provided some advantage, evidence from more representative studies, such as NSHAP, demonstrate that high response rates for more sensitive markers are feasible in other studies of older adults. That said, analyses focused on gender differences, in particular, should take into account differential response.
In conclusion, there is considerable promise for the integration of data on the gut microbiome into population based life course longitudinal studies. The pilot project with the WLS demonstrates both the feasibility and promise of this line of research. It also demonstrate the promise -and necessity-of collaborations between social scientists and microbiologists to generate novel insights into the role of the gut microbiome as a mediating biological pathway between social conditions and health and mortality outcomes.
